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Abstract 

Objectives: Postoperative nausea and vomiting (PONV) are common complications that can have negative effects on 

patients, such as increasing hospital stay and trauma from subsequent surgeries and anesthesia. Remifentanil is a fast-

acting opioid analgesic used during anesthesia and is believed to cause less PONV compared to other opioids. 

Therefore, study aims to analyze the incidence and risk factors of PONV with the use of intraoperative remifentanil at 

Dr. Soetomo Regional General Hospital, Surabaya. 

Methodology: This was an observational analytical study with a cross-sectional design of patients who underwent 

general anesthesia and received intraoperative remifentanil during surgery at Dr. Soetomo General Hospital in 

Surabaya. Data from medical records were collected, including age, gender, PONV status, type of surgery, smoking 

status, and remifentanil dose range. The data were then analyzed using Easy R (EZR). 

Results: Of the 50 patients who received intraoperative remifentanil, 5 (10.0%) patients experienced PONV. The 

highest incidence of PONV was in the group undergoing head and neck surgery (33.3%), non-smokers (22.7%), 

women (29.4%), those aged 17-25 years (37.5%), those aged 26-35 years (28.6%), and a remifentanil dose range of 

0.16-0.20 μg/kg/min (66,7%). In this study, non-smoking, female gender, young age (17-25 years old), and high dosage 

range were significantly associated with postoperative nausea and vomiting (p<0.05). 

Conclusion: Non-smokers, women, young age, and high dosage range were associated with PONV in the use of 

intraoperative remifentanil at Dr. Soetomo general hospital. However, further studies are required to confirm these 

findings 
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INTRODUCTION 

Post-Operative Nausea and Vomiting (PONV) refers 

to the occurrence of nausea and/or vomiting within 24 

hours after surgery. It is the most common source of 

patient discomfort following postoperative anesthesia. 

Aside from causing complications such as wound 

opening, esophageal rupture, aspiration, dehydration, 

increased intracranial pressure, and pneumothorax, 

PONV can also prolong recovery time in the Recovery 

Room (RR) and increase the likelihood of 

readmission, resulting in higher medical costs 

(Wallden et al., 2016). 

PONV affects approximately 20-40% of surgical 

patients, with high-risk individuals experiencing rates 

as high as 80% (Cao et al., 2017). Multiple factors can 

influence the occurrence of PONV, including patient-

related factors, anesthesia-related factors, and 

characteristics of the surgical procedure. General 

anesthesia has been identified as a significant risk 

factor compared to local anesthesia, and the duration 

of general anesthesia is also linked to the development 

of PONV (Hamzah et al., 2020; Pierre dan Whelan, 

2013). Additionally, risk factors such as age, female 

gender, nonsmoker status, and a history of 

preoperative PONV can contribute to the incidence of 

PONV (Černý, 2014). 

The vomiting center can be activated either directly by 

irritants or indirectly through four key areas: the 

gastrointestinal tract, cerebral cortex and thalamus, 

vestibular region, and chemoreceptor trigger zone 

(CTZ). Opioids, including morphine, fentanyl, and 

remifentanil, are frequently administered during the 

intraoperative period for pain management and to 

achieve balanced anesthesia (Lestari et al., 2020). 

However, opioids are known to induce nausea and 

vomiting upon single administration (Teshome et al., 

2020). 

Nausea is an unpleasant sensation accompanied by the 

urge to vomit. It is typically felt in the epigastrium and 

stomach and is often followed by vomiting (Dorland, 

2019). Nausea is commonly accompanied by increased 

activity of the parasympathetic nervous system, 

leading to symptoms such as diaphoresis, salivation, 

bradycardia, pallor, and decreased respiratory 

frequency. Vomiting, on the other hand, refers to the 

forceful expulsion of gastric contents through the 

mouth, usually triggered by a strong urge 

(Schwinghammer et al., 2021). 

Nausea and vomiting can arise in various situations, 
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including after surgery or as a side effect of 

chemotherapy. They can also be symptoms of 

digestive system disorders or diseases. Sometimes, 

patients may experience nausea and vomiting without 

an identifiable cause. While acute episodes of nausea 

and vomiting associated with specific triggers, such as 

motion sickness, are relatively easier to manage, 

chronic episodes can significantly impact a patient's 

quality of life and pose management challenges. These 

chronic episodes may be related to conditions like 

gastroparesis (delayed gastric emptying) or functional 

disorders without a clear physical cause (Heckroth et 

al., 2021). 

Multiple stimuli can trigger nausea and vomiting, 

including olfactory and visual factors, psychological 

factors, and disturbances in balance or the vestibular 

system. The medulla oblongata serves as the central 

regulator of the nausea and vomiting reflex and 

contains numerous nerve bundles. It is closely situated 

to other visceral centers, such as the respiratory and 

vasomotor centers, resulting in complex interactions 

and influences from various organs (Gan et al., 2016). 

The medulla oblongata houses an extensive network of 

nerve fibers, connecting the brain with peripheral 

regions. The brainstem, including the medulla 

oblongata, is covered by a diffuse network of neurons 

known as the reticular formation, which contains 

autonomic regulation centers vital for numerous bodily 

functions. 

PONV is commonly defined as nausea, vomiting, or 

retching that occurs within the first 24-48 hours after 

surgery, affecting approximately 20-30% of patients 

(Pierre and Whelan, 2013). Another definition 

describes PONV as nausea and/or vomiting that arises 

within 24 hours after surgery (Rother, 2012). Despite 

advances in anesthesia and surgical techniques, PONV 

still remains a frequent occurrence. It can affect 

around 25% - 30% of surgical patients, and even 

higher rates of 70% - 80% among those at high risk 

(Amirshahi et al., 2020). 

Risk factors for PONV can generally be categorized 

into three groups: non-anesthetic (individual) factors, 

anesthetic factors, and surgery-related factors (Wang 

dan Argalious, 2020). 

1) Individual/Patient Factors: 

Several individual factors contribute to the risk of 

PONV. These include gender, age, obesity, history of 

PONV or motion sickness, and smoking. 

2) Preoperative Factors: 

Preoperative factors that can influence the occurrence 

of PONV include the nature of the surgery and pre-

medication. Surgeries involving organs such as the 

head (with increased intracranial pressure), digestive 

tract obstruction or disruption, pregnancy or 

gynecological obstetrics requiring laparotomy, or 

patients undergoing chemotherapy are associated with 

higher risks of PONV (Setiawan, 2014). Pre-

medication can also play a role, as substances like 

atropine can stimulate the chemoreceptor trigger zone 

(CTZ) and opioids can increase gastric secretion and 

reduce motility (Setiawan, 2014). 

3) Intraoperative Factors: 

During the surgery itself, several factors can contribute 

to the occurrence of PONV. Anesthesia factors such as 

intubation, mask ventilation, and vestibular 

stimulation upon changes in head position can trigger 

vomiting. The choice of anesthetic drugs is also 

important, with emetogenic opioids and inhaled 

anesthetics like ether increasing the risk of PONV, 

while intravenous anesthetics such as propofol can 

reduce it. Additionally, the type of anesthesia 

technique used, with general anesthesia having a 

higher PONV rate compared to spinal anesthesia, and 

regional anesthesia being the least emetogenic, can 

impact the occurrence of PONV (Hasegawa et al., 

2021). 

4) Surgical Factors: 

The duration of the surgical procedure is a significant 

surgical factor that affects the risk of PONV. Longer 

procedures carry a higher risk. The anatomical area of 

surgery also plays a role, with certain areas like 

craniotomy, intra-abdominal, and gynecology 

surgeries being associated with a higher incidence of 

PONV. 

5) Postoperative Factors: 

After the surgery, several postoperative factors can 

influence the occurrence of PONV. Pain management 

plays a role, as relieving pain can reduce the incidence 

of nausea and vomiting. Other factors include the 

influence of pain mechanisms on gastric emptying 

time, the direct stimulation of the CTZ by opioids, the 

influence of ambulation on the vestibular component, 

orthostatic hypotension or dehydration, hypoglycemia 

resulting from extended fasting periods, hypoxemia, 

and early oral intake. 

Opioids are derived from the plant papaver 

somniferum and are the basis for 20 opioid alkaloids 

used in anesthesia. The medicinal use of opioids dates 

back to 300 BC, and the isolation of morphine in 1803, 

codeine in 1832, and papaverine in 1848 marked 

significant milestones in their development. Opioids 

primarily affect the central nervous system (CNS) and 

have analgesic effects, including pain relief, euphoria, 

respiratory depression, cough suppression, pupil 

constriction, nausea, and vomiting. These effects are 

achieved through the inhibition of pain transmission 

pathways, activation of descending pain control 

systems, suppression of the respiratory center, 

inhibition of the cough reflex, activation of emetic 

chemoreceptors, and parasympathetic stimulation 

(Cruz dan Granados-Soto, 2015). While opioids have 

minimal impact on peripheral resistance and blood 

pressure, orthostatic hypotension risk is increased in 

patients with blood loss. Opioids are classified as 

opioid agonists, opioid antagonists, or opioid agonist-

antagonists (Flood et al., 2015). 

Remifentanil is a short-acting opioid of the 
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phenylpiperidine class that is more potent than 

alkaloid opioids, exerts an agonist effect on mu 

receptors, and is widely used in the field of anesthesia, 

both general and conscious anesthesia since its 

acceptance by the Food and Drug Administration 

(FDA) in the United States in 1996. Remifentanil can 

be used as an alternative to fentanyl to prevent acute 

hyperdynamic reactions at the time of action with a 

strong and short pain effect (Hughes et al., 2023). 

Remifentanil has a rapid onset, is not metabolized in 

the body, and is quickly eliminated through plasma 

cholinesterase metabolism independent of renal 

function. These characteristics of remifentanil 

contribute to its lower incidence of PONV and 

respiratory depression during extubation (Komatsu et 

al., 2007). While the clinical effects of remifentanil 

manifest within 2-5 minutes, its side effects, such as 

nausea, vomiting, pruritus, muscle stiffness, and 

cardiopulmonary depression, are dose-dependent 

(Jensen, 2015). 

Remifentanil will reduce cerebral blood flow dose-

dependently in parts of the brain involved in pain 

perception. At the highest infusion rate (0.15 

mcg/kg/min), regional cerebral blood flow will also be 

modified in areas believed to regulate consciousness. 

When used in conjunction with N2O, blood flow to all 

parts of the brain will be reduced, and ultimately, will 

lead to a decrease in intracranial pressure (Flood et al., 

2015). 

Numerous studies have investigated the efficacy and 

side effects of remifentanil as an opioid for anesthetic 

analgesia. However, there remains considerable 

controversy surrounding the potential of this drug to 

trigger PONV. Given the existing controversies, the 

aim of this study is to examine the relationship 

between risk factors and the incidence of postoperative 

nausea and vomiting in patients undergoing general 

anesthesia with remifentanil at Dr. Soetomo Regional 

General Hospital. 

Research Hypotheses: 

Based on the specific aims of the study, the following 

hypotheses were formulated: 

1. There is a relationship between the type of 

surgery and the incidence of postoperative nausea and 

vomiting in patients undergoing general anesthesia 

with intraoperative remifentanil use. 

2. There is a relationship between smoking 

history and the incidence of postoperative nausea and 

vomiting in patients undergoing general anesthesia 

with intraoperative remifentanil use. 

3. There is a relationship between gender and 

the incidence of postoperative nausea and vomiting in 

patients undergoing general anesthesia with 

intraoperative remifentanil use. 

4. There is a relationship between age and the 

incidence of postoperative nausea and vomiting in 

patients undergoing general anesthesia with 

intraoperative remifentanil use. 

5. There is a relationship between the home 

dose range of remifentanil and the incidence of 

postoperative nausea and vomiting in patients 

undergoing general anesthesia with intraoperative 

remifentanil use. 

 

METHODOLOGY 

This study employed an observational analytic design 

with a cross-sectional approach to determine the 

incidence of postoperative nausea and vomiting at Dr. 

Soetomo Regional General Hospital in Surabaya. The 

research was conducted at Dr. Soetomo Regional 

General Hospital in Surabaya, starting from February 

16, 2023, to March 16, 2023, after obtaining the 

ethical certificate on February 13, 2023, with ethical 

number 0588/KEPK/II/2023.  

The study population consisted of patients who 

underwent general anesthesia and received 

intraoperative remifentanil during surgery at Dr. 

Soetomo Regional General Hospital in Surabaya, from 

February 16, 2023, to March 16, 2023. The sample for 

this study included all patients who met the inclusion 

and exclusion criteria of Dr. Soetomo Regional 

General Hospital, and the total sampling method was 

used.  

Inclusion criteria for the study were patients aged 18 

to 60 years, patients undergoing general anesthesia 

with a Physical Status American Society of 

Anesthesiology (PS ASA) score of 1-2, and patients 

who received intraoperative remifentanil. Exclusion 

criteria were patients with a history of motion sickness 

or previous postoperative nausea and vomiting, 

pregnant patients, patients with a decreased level of 

consciousness, patients requiring postoperative 

ventilator use, patients with a history of preoperative 

opioid use, patients undergoing planned ear, digestive, 

or neurosurgical surgeries, and patients with 

malignancy or a history of chemotherapy. 

The independent variables in this study were risk 

factors for postoperative nausea and vomiting, 

including the type of surgery, smoking history, gender, 

and age. The dependent variable was the incidence of 

postoperative nausea and vomiting. Research 

instruments used included a questionnaire and medical 

record data. 

To collect the research data, the researcher obtained 

ethical approval from the hospital's Health Research 

Ethics Committee. Informed consent was obtained 

from the patients a day before the surgery, and the 

researcher conducted interviews with the patients 

using the questionnaire sheet on the day after the 

surgery. 

Data processing and presentation involved several 

steps. First, the data were edited to check for accuracy 

and completeness. Then, the collected data were 

manually coded by the researcher before being 

processed by a computer. The coded data were entered 
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into a computer program and checked for data entry 

errors through data cleaning. The data were saved for 

analysis. In the initial stage of analysis, the data were 

analyzed univariably to determine frequency 

distribution. Bivariable analysis was conducted using 

the Fischer exact statistical test and the Contingency 

Correlation Test. The Easy R (EZR) program was used 

for data analysis. 

 

 

Figure (1) Conceptual Framework 

Postoperative nausea and vomiting (PONV) can be 

caused by three main factors: anesthesia 

administration, the type and duration of surgery, and 

patient-related factors. On the patient's side, factors 

such as age, gender, smoking history, and history of 

anti-emetic prophylaxis can influence the incidence of 

PONV. Opioids, including remifentanil, which is an 

ultra-short-acting opioid, have direct effects on the 

chemoreceptor trigger zone (CTZ) and the vomiting 

center, potentially leading to postoperative nausea and 

vomiting. Opioids can also stimulate the vestibular 

apparatus, causing dizziness and subsequent nausea 

and vomiting. Furthermore, opioids can disrupt 

intestinal peristalsis, leading to constipation, which 

can activate the afferent cholinergic pathway and 

result in nausea and vomiting. Remifentanil, with its 

rapid onset, minimal accumulation, independent 

metabolism via plasma cholinesterase, and rapid 

elimination, is associated with a lower incidence of 

PONV. 

 

RESULTS 

Demographic Characteristics of Research Subjects: 

This study is an observational analytic study with a 

cross-sectional design that analyzes the risk factors for 

postoperative nausea and vomiting in the use of 

intraoperative remifentanil at Dr. Soetomo Hospital 

Surabaya. Table 1 presents the demographic 

characteristics of the study subjects. The incidence of 

postoperative nausea and vomiting in this study was 

10%, experienced by five patients. The first patient 

who experienced postoperative nausea and vomiting 

was a female orthopedic patient aged 17-25 years, who 

received a remifentanil maintenance dose ranging 

from 0.16 to 0.2 μg/kg/mi. The second patient who 

experienced postoperative nausea and vomiting was a 

female patient aged 17-25 years undergoing head and 

neck surgery, also receiving a remifentanil 

maintenance dose ranging from 0.16 to 0.2 μg/kg/min. 

The third patient who experienced postoperative 

nausea and vomiting was a female patient aged 17-25 

years undergoing eye surgery, receiving a remifentanil 

maintenance dose ranging from 0.11 to 0.15 

μg/kg/min. The fourth patient who experienced 

postoperative nausea and vomiting was a female 

patient aged 26-30 years undergoing head and neck 

surgery, receiving a remifentanil maintenance dose 

ranging from 0.11 to 0.15 μg/kg/min. The last patient 

was a female patient aged 26-30 years undergoing oral 

surgery, receiving a remifentanil maintenance dose 

ranging from 0.11 to 0.15 μg/kg/min. 
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Table (1) Demographic Characteristics of Study Subjects 

Variable Total 

PONV 5 (10,0%) 

No PONV 45 (90,0%) 

Operation Type  

Eye 15 (30,0%) 

Orthopedics 13 (26,0%) 

Head Neck Surgery 6 (12,0%) 

Oral Surgery 16 (32,0%) 

Smoking History  

Smokers 28 (56,0%) 

Nonsmokers 22 (44,0%) 

Gender  

Man 33 (66,0%) 

Woman 17 (34,0%) 

Age (years)  

17-25 8 (16,0%) 

26-35 7 (14,0%) 

36-45 8 (16,0%) 

46-55 12 (24,0%) 

56-60 15 (30,0%) 

Optimal Maintenance Dose Range of Remifentanil (g/kg/min)  

0,05-0,10 38 (76,0%) 

0,11-0,15 9 (18,0%) 

0,16-0,20 3 (6,0%) 

 

The Relationship between Type of Surgery and the 

Incidence of Postoperative Nausea and Vomiting in 

Patients Undergoing General Anesthesia with 

Intraoperative Remifentanil: 

Table 2 presents the relationship between the type of 

surgery and the incidence of postoperative nausea and 

vomiting. In this study, no significant relationship was 

found between the type of surgery and the incidence of 

postoperative nausea and vomiting (p>0.05). The 

highest incidence of postoperative nausea and 

vomiting was observed in patients undergoing head 

and neck surgery, with 2 cases (33.3%). Table 3 

displays the incidence of postoperative nausea and 

vomiting categorized by the type of surgery and the 

dose of remifentanil used. Postoperative nausea and 

vomiting were observed at remifentanil doses of 0.11-

0.15 and 0.16-0.20 μg/kg/min, while no cases were 

reported at doses of 0.05-0.10 μg/kg/min. 

Table (2) Relationship between the type of surgery and the incidence of postoperative nausea and vomiting in patients 

undergoing general anesthesia with intraoperative remifentanil 

Operation Type PONV No PONV p value c 

Eye 1 (6,7%) 14 (93,3%) 

0,247
a
 0,277

b
 

Orthopedics 1 (7,7%) 12 (92,3%) 

Head Neck Surgery 2 (33,3%) 4 (66,7%) 

Oral Surgery 1 (6,3%) 15 (93,8%) 

a. Fischer exact test 

b. Contingency Coefficient 

Table (3) Remifentanil use by type of surgery 

Operation Type 

Remifentanil 

Maintenance Dosage 

(g/kg/min) 

PONV No PONV 

Eye 

0,05-0,10 0 (0,0%) 14 (100,0%) 

0,11-0,15 1 (100,0%) 0 (0,0%) 

0,16-0,20 0 (0,0%) 0 (0,0%) 

Orthopedics 

0,05-0,10 0 (0,0%) 7 (100,0%) 

0,11-0,15 0 (0,0%) 4 (100,0%) 

0,16-0,20 1 (50,0%) 1 (50,0%) 

Head Neck Surgery 0,05-0,10 0 (0,0%) 4 (100,0%) 
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0,11-0,15 1 (100,0%) 0 (0,0%) 

0,16-0,20 1 (100,0%) 0 (0,0%) 

Oral Surgery 

0,05-0,10 0 (0,0%) 13 (100,0%) 

0,11-0,15 1 (33,3%) 2 (66,7%) 

0,16-0,20 0 (0,0%) 0 (0,0%) 

 

Relationship between Smoking History and the 

Incidence of Postoperative Nausea and Vomiting in 

Patients Undergoing General Anesthesia with 

Intraoperative Remifentanil: 

Table 4 illustrates the relationship between smoking 

history and the incidence of postoperative nausea and 

vomiting. In this study, a weak but statistically 

significant association was observed between smoking 

history and the incidence of postoperative nausea and 

vomiting (c = 0.352; p < 0.05). The incidence of 

postoperative nausea and vomiting was identified in 

the non-smoker group, with 5 cases (22.7%) reported. 

Table 5 presents the use of remifentanil categorized by 

smoking history and the administered dose. 

Postoperative nausea and vomiting occurred at 

remifentanil doses of 0.11-0.15 and 0.16-0.20 

μg/kg/min, specifically in the non-smoker group. 

Table (4) Relationship between Smoking History and the Incidence of Postoperative Nausea and Vomiting in Patients 

Undergoing General Anesthesia with Intraoperative Remifentanil 

Smoking History PONV No PONV p value c 

Smokers 0 (0,0%) 28 (100,0%) 
0,012

a
 0,352

b
 

Nonsmokers 5 (22,7%) 17 (77,3%) 

a. Fischer exact test 

b. Contingency Coefficient 

Table (5) Remifentanil use Based on Smoking History 

Smoking History 
Remifentanil Maintenance Dosage 

(g/kg/min) 
PONV No PONV 

Smokers 

0,05-0,10 0 (0,0%) 22 (100,0%) 

0,11-0,15 0 (0,0%) 5 (100,0%) 

0,16-0,20 0 (0,0%) 1 (100,0%) 

Nonsmokers 

0,05-0,10 0 (0,0%) 16 (100,0%) 

0,11-0,15 3 (75,0%) 1 (25,0%) 

0,16-0,20 2 (100,0%) 0 (0,0%) 

 

Relationship between Gender and the Incidence of 

Postoperative Nausea and Vomiting in Patients 

Undergoing General Anesthesia with 

Intraoperative Remifentanil 

Table 6 depicts the relationship between gender and 

the incidence of postoperative nausea and vomiting. In 

this study, a moderate and significant relationship was 

observed between gender and the incidence of 

postoperative nausea and vomiting (c = 0.421; p < 

0.05). The female group exhibited a higher incidence 

of nausea and vomiting compared to the male group (5 

cases (29.4%) vs. 0 cases (0.0%)). Table 7 presents the 

incidence of postoperative nausea and vomiting 

categorized by gender and the maintenance dose of 

remifentanil. The occurrence of postoperative nausea 

and vomiting was found in females receiving doses of 

0.11-0.15 and 0.16-0.20 μg/kg/min. 

Table (6) Relationship between Gender and Incidence of Postoperative Nausea and Vomiting in Patients Undergoing 

General Anesthesia with Intraoperative Remifentanil 

Gender PONV No PONV p value c 

Man 0 (0,0%) 33 (100,0%) 
0,003

a
 0,421

b
 

Woman 5 (29,4%) 12 (70,6%) 

a. Fischer exact test 

b. Contingency Coefficient 

Table (7) Use of Remifentanil Based on Gender 

Gender 
Remifentanil Maintenance Dosage 

(g/kg/min) 
PONV No PONV 

Man 0,05-0,10 0 (0,0%) 26 (100,0%) 
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0,11-0,15 0 (0,0%) 6 (100,0%) 

0,16-0,20 0 (0,0%) 1 (100,0%) 

Woman 

0,05-0,10 0 (0,0%) 12 (100,0%) 

0,11-0,15 3 (100,0%) 0 (0,0%) 

0,16-0,20 2 (100,0%) 0 (0,0%) 

 

Relationship between Age and the Incidence of 

Postoperative Nausea and Vomiting in Patients 

Undergoing General Anesthesia with 

Intraoperative Remifentanil: 

Table 8 illustrates the relationship between age and the 

incidence of postoperative nausea and vomiting. In 

this study, a moderate and significant association was 

observed between age and the incidence of 

postoperative nausea and vomiting (c = 458; p < 0.05). 

The younger age group exhibited a higher incidence of 

nausea and vomiting, with 3 patients (37.5%) aged 17-

25 years and 2 patients (28.6%) aged 26-35 years. 

Table 9 presents the incidence of nausea and vomiting 

categorized by age and the remifentanil maintenance 

dose (μg/kg/min). Nausea and vomiting were reported 

in all age groups except for the 46-55 years age group, 

particularly at doses of 0.11-0.15 and 0.16-0.20 

μg/kg/min. 

Table (8) Relationship between Age and Incidence of Postoperative Nausea and Vomiting in Patients Undergoing 

General Anesthesia with Intraoperative Remifentanil 

Age (years) PONV No PONV p value c 

17-25 3 (37,5%) 5 (62,5%) 

0,010
a
 0,458

b
 

26-35 2 (28,6%) 5 (71,4%) 

36-45 0 (0,0%) 8 (100,0%) 

46-55 0 (0,0%) 12 (100,0%) 

56-60 0 (0,0%) 15 (100,0%) 

a. Fischer exact test 

b. Contingency Coefficient 

Table (9) Remifentanil use by Age 

Age (years) 

Remifentanil Maintenance 

Dosage 

(g/kg/min) 

PONV No PONV 

17-25 

0,05-0,10 0 (0,0%) 3 (100,0%) 

0,11-0,15 2 (66,7%) 1 (33,3%) 

0,16-0,20 1 (50,0%) 1 (50,0%) 

26-35 

0,05-0,10 0 (0,0%) 3 (100,0%) 

0,11-0,15 1 (33,3%) 2 (66,7%) 

0,16-0,20 1 (100,0%) 0 (0,0%) 

36-45 

0,05-0,10 0 (0,0%) 6 (100,0%) 

0,11-0,15 0 (0,0%) 2 (100,0%) 

0,16-0,20 0 (0,0%) 0 (0,0%) 

46-55 

0,05-0,10 0 (0,0%) 12 (100,0%) 

0,11-0,15 0 (0,0%) 0 (0,0%) 

0,16-0,20 0 (0,0%) 0 (0,0%) 

 

Relationship between the Optimal Home Dose 

Range of Remifentanil and the Incidence of 

Postoperative Nausea and Vomiting in Patients 

Undergoing General Anesthesia: 

Table 10 illustrates the relationship between the dose 

range and the incidence of postoperative nausea and 

vomiting. In this study, a moderate and significant 

relationship was observed between the dose range and 

the incidence of postoperative nausea and vomiting (c 

= 0.538; p < 0.05). The incidence of postoperative 

nausea and vomiting was found to be 2 (66.7%) 

patients in the dose range of 0.16-0.20 μg/kg/min and 

1 (33.3%) person in the dose range of 0.11-0.15 

μg/kg/min. 

Table (10) Relationship between Remifentanil Optimal Maintenance Dose Range and the Incidence of Postoperative 

Nausea and Vomiting in Patients Undergoing General Anesthesia 

Optimal Maintenance Dose Range of Remifentanil PONV No PONV Total 
p 

value 
c 
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(g/kg/min) 

0,05-0,10 
  0 

(0,0%) 

38 

(100,0%) 

38 

(100,0%

) 

0,001
a
 

0,538
b
 

0,11-0,15 
3 

(33,3%) 
6 (66,7%) 

9 

(100,0%

) 

0,16-0,20 
2 

(66,7%) 
1 (33,3%) 

3 

(100,0%

) 

a. Fischer exact test 

b. Contingency coefficient  

 

DISCUSSION 

Postoperative nausea and vomiting are common 

complications of surgical procedures that can have 

various negative effects on patients, including 

prolonged hospital stays and potential complications 

for subsequent surgeries and anesthesia (Barnes, 

2020). Additionally, postoperative nausea and 

vomiting is considered an important complication as it 

is comparable to postoperative pain in terms of patient 

discomfort. Preventing postoperative nausea and 

vomiting can significantly improve patient 

satisfaction, particularly for individuals who are prone 

to experiencing these symptoms (Devarakonda et al., 

2022). It is known that approximately 20-30% of 

patients experience postoperative nausea and vomiting 

within the first 24-48 hours after surgery (Amirshahi et 

al., 2020). Early identification of high-risk patients and 

appropriate prophylaxis can help reduce the incidence 

and consequences of these complications. Despite its 

high prevalence, research on the incidence of 

postoperative nausea and vomiting in Indonesia is 

limited. 

Remifentanil, a fast-acting opioid analgesic drug used 

during anesthesia, is believed to cause less 

postoperative nausea and vomiting compared to other 

opioids (Boysen et al., 2023). It acts as an agonist of µ 

opioid receptors, binding to esters and exhibiting a 

rapid onset and short duration (Aryana et al., 2022). 

Some studies have shown that postoperative nausea 

and vomiting occur less frequently with remifentanil 

compared to other opioids, while others have found no 

significant difference (Citerio et al., 2012; 

Constantinides dan Murphy, 2016; Sridharan dan 

Sivaramakrishnan, 2019; Watanabe et al., 2018). 

However, these studies often include patients who 

receive other opioids for pain management after 

surgery and undergo different types of procedures, 

such as abdominal surgery, which may increase the 

risk of postoperative nausea and vomiting (Constantio 

et al., 2021; Sridharan dan Sivaramakrishnan, 2019). 

Furthermore, some studies utilize anesthetics known to 

cause postoperative nausea and vomiting. To address 

these limitations, our study included only patients who 

received remifentanil during surgery without the use 

of other opioids or procedures/anesthetics known to 

increase the risk of postoperative nausea and vomiting. 

The aim of our study was to analyze the association 

between remifentanil and postoperative nausea and 

vomiting, as well as the incidence of these 

complications in Indonesia. In this study, patients were 

given a questionnaire 24 hours postoperatively to 

assess the occurrence of postoperative nausea and 

vomiting. 

The incidence of postoperative nausea and vomiting in 

our study was found to be 10.0%. Globally, the 

incidence of postoperative nausea and vomiting ranges 

from 20-30% (Gan et al., 2014). Our lower incidence 

rate can be attributed to the exclusion of risk factors 

for postoperative nausea and vomiting, such as a 

history of motion sickness, previous occurrences of 

postoperative nausea and vomiting, pregnancy, ear 

surgery, digestive and neurosurgery, and a history of 

chemotherapy (Dwi, 2014; Setiawan, 2014; Shaikh et 

al., 2016). This finding is consistent with previous 

studies ( Wu et al., 2015). Another similar study 

reported an incidence rate of 15.3% among 

postoperative patients (Matsuura et al., 2016). 

Similarly, this study excluded surgeries that increase 

the risk of postoperative nausea and vomiting, such as 

abdominal surgery, and did not utilize postoperative 

opioids. 

There are five main types of neurotransmitter receptors 

involved in nausea and vomiting: muscarinic M1, 

dopamine D2, histamine H1, serotonin 5-

hydroxytryptamine (HT)-3, and substance P 

neurokinin 1 (NK1) (Bashashati dan McCallum, 

2014). On the other hand, the pathophysiology of 

postoperative nausea and vomiting (PONV) involves 

three types of mechanisms: central, peripheral, and 

drugs/toxins, including opioids. Opioids can induce 

postoperative nausea and vomiting through various 

mechanisms, such as directly affecting the 

chemoreceptor trigger zone (CTZ) in the brainstem, 

sensitizing the vestibular organs to motion-induced 

vomiting, increasing gastrointestinal secretion, causing 

gastric hypomotility, and delaying gastric emptying 

(Won et al., 2011). Another theory suggests that 

opioids can induce nausea and vomiting by stimulating 

the area postrema, located at the base of the fourth 

ventricle in the medulla. The area postrema 

communicates with the central pattern generator via 
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dopamine and serotonin, triggering the gag reflex 

(Horn et al., 2014). 

 Remifentanil is a short-acting opioid that does not 

accumulate in the body and has a half-life of 8-10 

minutes (Shram et al., 2015). This characteristic may 

contribute to faster recovery from opioid-induced side 

effects, including postoperative nausea and vomiting. 

However, the impact of remifentanil on the incidence 

of postoperative nausea and vomiting is not fully 

understood. Previous studies have indicated that 

remifentanil does not cause histamine release and may 

block stress hormone responses that can trigger nausea 

and vomiting (Shram et al., 2015). In a recent study, 

the combination of remifentanil with sevoflurane did 

not increase the incidence of postoperative nausea and 

vomiting compared to sevoflurane alone (Lee et al., 

2022). Total intravenous anesthesia (TIVA) with 

propofol-remifentanil has also been associated with 

reduced postoperative nausea and vomiting in previous 

studies (Chen et al., 2013; Kumar et al., 2014; Wolf et 

al., 2016). This study also demonstrated that patients 

receiving general anesthesia with intraoperative use of 

remifentanil had a significantly lower incidence of 

postoperative nausea and vomiting. However, 

remifentanil still exhibits typical side effects at µ 

opioid receptors, including nausea and vomiting, albeit 

with a lower incidence rate of 10% based on our study. 

Research on the relationship between the type of 

surgery, smoking history, gender, age, and home dose 

range may be valuable in developing risk factors for 

postoperative nausea and vomiting. These risk factors 

can be incorporated into scoring systems to facilitate 

early identification of patients at high risk of 

postoperative nausea and vomiting. As a result, the 

management of these patients can be optimized, 

leading to improved healthcare services. A simple 

summation score consisting of four risk factors was 

utilized to identify patients at high risk of 

postoperative nausea and vomiting. The four risk 

factors are being female, having a history of 

postoperative nausea and vomiting, not smoking, and 

receiving postoperative opioids (Gunawan et al., 

2020). If a patient has none or only one risk factor, the 

incidence of postoperative nausea and vomiting ranges 

from 10% to 21% (Gunawan et al., 2020). However, if 

a patient has at least two risk factors, the incidence of 

postoperative nausea and vomiting can increase to 

between 39% and 78% (Gunawan et al., 2020). In this 

study, the incidence of postoperative nausea and 

vomiting was 10%, which is equivalent to having one 

or no risk factors for postoperative nausea and 

vomiting.  

Relationship between Type of Surgery and the 

Incidence of Postoperative Nausea and Vomiting in 

Patients Undergoing General Anesthesia with 

Intraoperative Remifentanil: 

In this study, there was no significant association 

between the type of surgery and the incidence of 

postoperative nausea and vomiting in patients 

undergoing general anesthesia with intraoperative 

remifentanil. Some studies have also found no clear 

association between specific factors and postoperative 

nausea and vomiting. However, when surgeries are 

stratified by location, certain types of surgeries have 

been found to be associated with a higher risk of 

requiring anti-nausea medication in the recovery room. 

It is worth noting that for adults, the type of surgery is 

not an independent factor for predicting the risk of 

postoperative nausea and vomiting. However, in 

children, strabismus surgery has been identified as an 

independent risk factor for postoperative nausea and 

vomiting (Pierre dan Whelan, 2013). 

The incidence of postoperative nausea and vomiting 

was highest in head and neck surgery, with two 

patients experiencing these symptoms. This can be 

attributed to the strong vagal stimulation that can 

occur during head and neck surgery (Won et al., 

2011). It is important to note that the incidence of 

postoperative nausea and vomiting was relatively low 

in this study, as it excluded surgeries known to have a 

high risk of these complications, such as ear surgery, 

digestive surgery, and neurosurgery. Previous research 

has demonstrated that ear, digestive, and neurosurgical 

procedures increase the risk of postoperative nausea 

and vomiting (Wallden et al., 2016). 

Relationship between Smoking History and the 

Incidence of Postoperative Nausea and Vomiting in 

Patients Undergoing General Anesthesia with 

Intraoperative Remifentanil: 

In this study, a significant association was found 

between smoking history and the incidence of 

postoperative nausea and vomiting in patients 

undergoing general anesthesia with intraoperative 

remifentanil. The non-smoker group had an incidence 

of postoperative nausea and vomiting, with 5 (22.7%) 

patients experiencing these symptoms. Previous 

studies have also reported a significant association 

between smoking and a decreased incidence of 

postoperative nausea and vomiting (Sinha et al., 2022; 

Song et al., 2023). Sinha and colleagues, as well as 

Song and colleagues, conducted studies using general 

anesthesia with a reported dose of remifentanil ranging 

from 0.05 to 0.20 mg/kg/min and found an association 

between non-smokers and the incidence of 

postoperative nausea and vomiting. This suggests, and 

is supported by the results of this study, that non-

smokers can experience postoperative nausea and 

vomiting even when variables that may increase the 

risk of these complications are excluded. 

Individuals who do not smoke are almost twice as 

likely as smokers to experience postoperative nausea 

and vomiting (Sinha et al., 2022; Song et al., 2023). 

Several other studies have supported this finding, 

suggesting that chronic exposure to smoke, 

particularly polycyclic aromatic hydrocarbons, can 

lead to changes in hepatic microsomal enzymes that 

may affect drug metabolism and the ability of drugs to 

cause postoperative nausea and vomiting (Wu et al., 
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2015). However, it is important to note that the study 

conducted by Wu and colleagues was a study without 

the use of remifentanil. Another study also mentioned 

that non-smoker status is a risk factor for postoperative 

nausea and vomiting (Shahnazdust et al., 2015). Some 

studies have suggested that smokers may be more 

resistant to anesthetic gases and other toxins compared 

to non-smokers, resulting in a lower incidence of 

PONV. The anti-nausea effect of smoking has been 

confirmed by many studies (Darvall et al., 2021; 

Farhat et al., 2014). However, recent studies 

specifically related to remifentanil are limited or 

unavailable. 

One potential explanation for the reduction in 

postoperative nausea and vomiting observed in 

smokers could be the presence of antiemetic 

substances in cigarette smoke. It is known that the 

pharmacological receptors involved in PONV are 

regulated by dopamine (D2), cholinergic, histamine 

(H1), 5-HT3, and NK1 receptors. Therefore, if 

antiemetic compounds are present in cigarette smoke, 

they most likely belong to one of these receptor-

blocking drug classes (Darvall et al., 2021; Farhat et 

al., 2014). However, this hypothesis has not provided 

conclusive evidence, as other dopaminergic, 

cholinergic, or histaminergic effects are not always 

observed. Another possible explanation for the 

reduction of PONV in smokers is that it could be an 

adaptive response to repeated exposure to the 

emetic/vomiting stimulus. However, vomiting usually 

occurs only in people who do not habitually smoke or 

have consumed excessive amounts of tobacco (Darvall 

et al., 2021; Farhat et al., 2014). This suggests a role 

for chronic exposure to cigarettes in postoperative 

nausea and vomiting. 

Cigarette smoke is a complex mixture of gaseous and 

particulate matter. The gaseous component, which 

accounts for 60% of tobacco smoke, includes 

formaldehyde, carbon monoxide, nitrogen oxides, 

hydrogen cyanide, and other compounds. The 

remaining 40% is the particulate phase, which contains 

about 3,500 different substances, with nicotine being 

the most abundant alkaloid. Other alkaloids present 

include nornicotine, anatabine, and anabasine. 

Additionally, there are acids, lactones, aldehydes, 

ketones, alcohols, polyphenols, nitrosamines, and 

polycyclic aromatic hydrocarbons. The particulate 

phase, excluding alkaloids and water, is commonly 

referred to as tar (Soleimani et al., 2022). 

Most drugs are metabolized through the cytochrome 

P450 (CYP450) pathway. Six enzymes, namely 

CYP1A2, CYP2C9, CYP2C19, CYP2D6, CYP2E1, 

and CYP3A4, are responsible for 90% of drug and 

xenobiotic compound metabolism (Farhat et al., 2014). 

This multi-enzyme system has evolved over thousands 

of years in plants and animals as an adaptive response 

to environmental challenges, such as exposure to toxic 

or harmful substances. This response leads to the 

expression of enzymes responsible for the metabolism 

of specific toxins. While this is usually beneficial, it 

can also result in the formation of metabolites that are 

pharmacologically active or even carcinogenic. 

Induced enzymes can also have significant effects on 

drug clearance and half-life (Hakkola et al., 2020). 

Smoking has been shown to induce up to a threefold 

increase in the activity of CYP1A2 (He et al., 2015), 

which is the main enzyme responsible for the 

metabolism of several commonly used drugs by 

anesthesiologists. This increased enzyme activity 

results in a higher rate of drug metabolism, potentially 

requiring higher dosage requirements. For example, 

studies have shown that the clearance of theophylline, 

an asthma drug, is significantly increased in smokers, 

leading to a twofold reduction in its half-life (Goseva 

et al., 2015). Quitting smoking may result in a rapid 

accumulation of theophylline, necessitating dose 

adjustment. Smoking also affects the metabolism of 

various psychoactive drugs, including antidepressants, 

antipsychotics, and anxiolytics, which also depend on 

CYP1A2 (Scherf-Clavel et al., 2019). It is worth 

noting that smokers may require more analgesia due to 

increased metabolism of opioids, such as morphine 

and meperidine. 

In contrast, CYP2E1 is responsible for the metabolism 

of volatile/inhaled anesthetics, which are the main 

cause of postoperative nausea and vomiting in the first 

two hours postoperatively. Cigarette smoke, through 

nicotine and polycyclic aromatic hydrocarbons (PAH), 

also triggers CYP2E1 (Maideen, 2019). Therefore, 

patients with smoking-induced enzyme induction have 

a higher rate of volatile anesthetic metabolism. Such 

patients may experience faster and smoother recovery 

from anesthesia. In this study, patients who smoked 

had a lower incidence of postoperative nausea and 

vomiting. 

Relationship between Gender and the Incidence of 

Postoperative Nausea and Vomiting in Patients 

Undergoing General Anesthesia with 

Intraoperative Remifentanil: 

In this study, there was a significant relationship 

between gender and the incidence of postoperative 

nausea and vomiting in patients undergoing general 

anesthesia with intraoperative remifentanil. The 

female group (29.4%) had a higher incidence of 

nausea and vomiting compared to the male group 

(0.0%). Previous studies using general anesthesia and 

intraoperative remifentanil at a dose of 0.05-0.20 

mg/kg/min also found that females were associated 

with a higher incidence of postoperative nausea and 

vomiting (Sinha et al., 2022; Song et al., 2023). A 

multicenter study conducted on patients undergoing 

general anesthesia surgery identified female gender as 

the strongest predictor of PONV (Wallden et al., 

2016). Another study by Hara et al. (2013) using 

remifentanil doses of 0.05-0.20 mg/kg/min and general 

anesthesia, found an association between female 

gender and the incidence of postoperative nausea and 

vomiting. This suggests, and is supported by the 
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results of this study, that female gender can contribute 

to postoperative nausea and vomiting, even when other 

variables that may increase the risk of PONV are 

accounted for. 

The reasons why women are more prone to nausea and 

vomiting after surgery are still not well understood. 

Previous studies have indicated the influence of 

female hormones on the association between 

postoperative nausea and vomiting. This is evidenced 

by premenstrual women being more likely to 

experience nausea compared to postmenstrual women 

(Echeverria-Villalobos et al., 2022). The incidence of 

PONV is also higher during the preovulatory and 

menstrual phases, which may be due to the increased 

sensitivity of the chemoreceptor trigger zone (CTZ) 

and vomiting center to estrogen and Follicle-

Stimulating Hormone (FSH) (Chatterjee et al., 2011). 

This means that the vomiting center is more sensitive 

due to increased estrogen and FSH levels during the 

preovulatory phase until menstruation. Other studies 

have shown that in prepubescent children, female 

gender does not increase the risk of PONV (Eberhart 

et al., 2004; Kovac, 2021; Urits et al., 2020). 

Relationship between Age and the Incidence of 

Postoperative Nausea and Vomiting in Patients 

Undergoing General Anesthesia with 

Intraoperative Remifentanil: 

In this study, there was a significant relationship 

between age and the incidence of postoperative nausea 

and vomiting in patients undergoing general anesthesia 

with intraoperative remifentanil. The young age group 

had a higher incidence of nausea and vomiting, with 3 

patients (37.5%) in the 17-25 years old group and 2 

patients (28.6%) in the 26-35 years old group. 

Previous studies have also found an association 

between young age and the incidence of postoperative 

nausea and vomiting (Sinha et al., 2022; Wallden et 

al., 2016). Both of these studies used general 

anesthesia. This suggests that the incidence of PONV 

tends to slightly decrease with age in adults (Sinha et 

al., 2022; Wallden et al., 2016). In another study using 

general anesthesia and remifentanil at a dose of 0.05-

0.20 mg/kg/min, the incidence of postoperative nausea 

and vomiting was higher in younger age groups 

compared to nitrous oxide (Kim et al., 2016). 

Supported by the results of this study, young age was 

associated with the incidence of postoperative nausea 

and vomiting, even after excluding variables that may 

increase the risk of PONV. The incidence of 

postoperative nausea and vomiting appears to decrease 

with age based on previous studies (Darvall et al., 

2021; Geralemou dan Gan, 2016; Sinha et al., 2022; 

Wu et al., 2015). In these studies, the incidence of 

postoperative nausea and vomiting in pediatric patients 

can be high, with the 6-10 years age group having 

rates of up to 34%, but tends to decrease with the onset 

of puberty. 

One of the risk factors for PONV is age. Several 

studies have shown that older age is associated with a 

lower incidence of postoperative nausea and vomiting 

(Jin et al., 2020; Wang dan Argalious, 2020). The 

reasons for this are not entirely clear, but three 

explanations exist. First, older patients may have 

decreased sensitivity to emetogenic stimuli due to age-

related changes in central and peripheral mechanisms 

related to nausea and vomiting. Second, older patients 

may receive lower doses of opioids and volatile 

anesthetics, which are known to increase the risk of 

postoperative nausea and vomiting. Third, older 

patients may have a higher threshold and better coping 

strategies. Therefore, older age may have a protective 

effect against postoperative nausea and vomiting, but 

this does not mean that older patients are immune to 

this complication. Older patients may also have more 

comorbidities and consume medications that may 

interact with antiemetics (Jin et al., 2020; Wang dan 

Argalious, 2020). 

Relationship between the Optimal Home Dose 

Range of Remifentanil and the Incidence of 

Postoperative Nausea and Vomiting in Patients 

Undergoing General Anesthesia: 

In this study, a significant relationship was found 

between the dose range and the incidence of 

postoperative nausea and vomiting in patients 

undergoing general anesthesia (p<0.05). The incidence 

of postoperative nausea and vomiting was observed in 

the dose range of 0.16-0.20 μg/kg/min, with 2 patients 

(66.7%), and in the dose range of 0.11-0.15 μg/kg/min, 

with 1 patient (33.3%). It can be concluded that higher 

doses are associated with a higher incidence of 

postoperative nausea and vomiting in patients. This 

dose-dependent relationship was demonstrated through 

statistical analysis in this study, and it is clinically 

known that the dose has an effect on the incidence of 

postoperative nausea and vomiting under general 

anesthesia (Choi et al., 2014). Other studies have also 

shown that increasing the postoperative opioid dose 

increases the incidence of postoperative nausea and 

vomiting under general anesthesia (Choi et al., 2014; 

Wallden et al., 2016).  Research conducted in 

Indonesia has also demonstrated that opioids can 

increase the incidence of postoperative nausea and 

vomiting (Dwi, 2014; Setiawan, 2014). Furthermore, 

another study explained that a home dose of 

remifentanil higher than 0.2 μg/kg/min under general 

anesthesia can increase the incidence of PONV 

(Hozumi et al., 2015). It is important to note that in 

this study, a remifentanil dose higher than 0.2 

μg/kg/min was not used. 

This study has certain limitations that should be taken 

into account. Firstly, it was carried out exclusively in a 

single healthcare center, specifically a tertiary hospital. 

This hospital is known for providing high-complexity 

healthcare services and operating with a diverse range 

of integrated services. As a result, the findings may 

not accurately represent the conditions prevalent in the 

majority of healthcare institutions across Indonesia. 
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Consequently, when applying the results of this study, 

careful consideration is required to ensure their 

relevance and applicability to other healthcare settings 

in the country. 

 

CONCLUSION 

In conclusion, the statistical analysis and discussions 

on the incidence of postoperative nausea and vomiting 

in patients undergoing general anesthesia with 

intraoperative remifentanil have led to several key 

findings. Firstly, there is no significant relationship 

between the type of surgery and the occurrence of 

postoperative nausea and vomiting. Secondly, 

smoking history has been identified as a significant 

factor, with patients who have a smoking history being 

more prone to experiencing these symptoms. 

Additionally, gender has been found to play a role, 

with certain genders being more susceptible than 

others. Age has also been identified as a factor, with 

specific age groups being at a higher risk. 

Furthermore, the study highlights a correlation 

between the remifentanil home dose range and the 

incidence of postoperative nausea and vomiting, 

indicating that higher doses of remifentanil are 

associated with a higher likelihood of experiencing 

these symptoms. 

Based on the results of this study, several 

recommendations can be made to further enhance our 

understanding of postoperative nausea and vomiting in 

patients undergoing general anesthesia with 

intraoperative remifentanil. Firstly, it is advisable to 

conduct prospective research to gather more accurate 

and real-time data, enabling a more comprehensive 

analysis of the incidence of these symptoms. 

Secondly, a multicenter study should be considered to 

validate the findings across multiple medical centers 

and enhance the generalizability of the results. Lastly, 

it is important to conduct further research focusing on 

identifying additional risk factors that contribute to the 

occurrence of postoperative nausea and vomiting. By 

exploring these factors, targeted interventions and 

preventive measures can be developed to better 

manage and alleviate these symptoms in at-risk 

patients. 

By implementing these suggestions, future research 

endeavors can contribute to a deeper understanding of 

postoperative nausea and vomiting, leading to 

improved strategies for its prevention and management 

in patients undergoing general anesthesia with 

intraoperative remifentanil. 
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